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A single subcutaneous administration of cysteamine between 200 and 500 mg/kg produced ulceration in a dose-dependent manner in the duodenum within 18 hr. Female and older rats were more susceptible to cysteamine than male and younger ones, respectively.
Atropine methylbromide inhibited duodenal ulcers induced by cysteamine dose-dependently and pyloric ligation immediately prior to cysteamine dosing completely inhibited ulceration.
Tetragastrin or bethanechol increased the severity of cysteamine-induced ulceration.
These data suggest that gastric juice may play an important role in the pathogenesis of cysteamine-induced ulcers. The present study provides an excellent animal model for studying the mecha nism of duodenal ulcers and screening of antiulcer agents.
The rat is the most commonly employed laboratory animal for investigation of the pathogenesis of gastric ulcer and evaluations of antiulcer agents. It is well known, however, that the duodenum of the rat is resistant to an induction of ulcers by chemical agents . Re cently, however, there are several reports concerning drugs and chemicals which can cause duodenal ulcers in rats (1) (2) (3) (4) (5) . Most involve complicated procedures or reveal low incidences of ulceration when used for a routine evaluation of antiulcer agents. Selye and Szabo (6) reported an experimental model for acute perforating duodenal ulcers in rats by a single administration of cysteamine hydrochloride ((3-mercaptoethylamine hydrochloride). During the reinvestigation of the cysteamine-induced duodenal ulcer, we confirmed that this pro cedure for the induction of duodenal ulcers in rats is superior to other techniques previously reported because of the simplicity in procedure and the high incidence of ulceration. In the present paper, the optimum conditions for the production of duodenal ulcers by cystea mine in rats are presented and the pathogenesis of cysteamine-induced duodenal ulcers is discussed.
MATERIALS AND METHODS
All experiments were performed on male Wistar rats with an average weight of 220 g , unless otherwise noted. These animals were maihtained in our own laboratory for at least two weeks before use. The sum of area (mm2) of lesions for each rat was measured under a dissecting microscope (l OX) with a square grid and then used as an ulcer index. Gastric secretion: Pylorus ligated rats were employed for an investigation of the effect of cysteamine on gastric secretion. After being deprived of food for 24 hr except for free access for water, rats were anesthetized with ether and the pylorus was ligated. Cys teamine was administered s.c. immediately after pyloric ligation. Six hr after operation, all were sacrificed by an overdose of ether and the stomach was excised. After the volume of gastric juice was measured, the free and total acidities were determined by titrating with 0.1 N NaOH using Topfer's reagent and phenolphthalein as indicator, respectively, and the acidity was expressed as mEq/l of HCI. Pepsin activity was determined by a modi fication of the method of Anson (7) and was expressed as mg/ml of tyrosine.
Pharmacological studies on the duodenal ulcer: Effects of various gastric secretagogues and atropine on cysteamine-induced duodenal ulcers were investigated. ship of cysteamine for duodenal ulcer production was studied using the incidence of ulcer and perforation and the ulcer index.
In this experiment, times of fasting and sacrifice were set at 24 hr and 18 hr, respectively. Dose-response curves are shown in Fig. 4 . The inci dence of duodenal ulcer increased with the dose and reached a plateau at 400 mg/kg. The ulcer index increased linearly from a dose of 300 mg/kg to 500 mg/ kg and reached the maxi mum at a dose of 500 mg/kg. The incidence of perforation which often resulted in death by peritonitis was increased in a dose-dependent manner. Four to ten animals were used for each experiment.
Time-course of cysteamine-induced duodenal HIM
A dose of cysteamine in this experiment was fixed at 400 mg;/kg, s.c. As shown in Fig. 5 , the ulcer index and the incidence of duodenal ulcer and perforation increased with time after administration. As the ratio of the incidence of ulceration or the ulcer index to the incidence of perforation was maximum at 18 hr, the time between dosing and sacrifice was fixed at 18 hr in following experiments.
Influence of sex, age and strain differences According to the above conditions, the influence of differences of sex, strain (Wistar and Donryu) and age (8 weeks and 14 weeks) of rats on ulceration were investigated using a three-way classification (8) . Forty-eight rats were used in total. The analysis of variance of the ulcer index of experiment is shown in Table 1 . Age and sex were statistically significant at p=0.01 and the interaction between age and sex was significant at p=0 .05. Older or female rats were significantly affected by cysteamine in comparison with younger or male rats, respectively ( Table 2 ). There was no statistical difference between Wistar and Donryu rats. 
Effect of fasting
Cysteamine-induced duodenal ulcers were compared between rats fed a normal diet and water and rats deprived of all food but allowed water for 24 hr prior to experiment.
The rats in both groups were treated with 400 mg/kg, s.c. of cysteamine and sacrificed 18 hr after administration. As shown in Table 3 , the rats deprived of food were more affected by cysteamine.
Effect of pyloric ligation
In order to investigate the effect of gastric juice on cysteamine-induced duodenal ulcer, the effect of pyloric ligation on severity of gastric and duodenal ulceration in rats treated with 400 mg/kg, s.c. of cysteamine was investigated. The pyloric ligation immediately prior to cysteamine dosing completely inhibited the duodenal ulcer and markedly aggravated ulcers in the forestomach (Shay ulcer) ( Table 4) .
Effect of cysteamine on gastric secretion
The effect of cysteamine on gastric secretion in 6 hr-pylorus ligated rats is shown in Table 5 . The volume of gastric juice was decreased by cysteamine independently of the dose but the free and total acidities were significantly increased in a dose-dependent manner.
Pepsin activity was not affected by cysteamine.
Effects of various gastric secretagogues on ulceration
The doses of gastric secretagogues showing approximately the same response in gastric secretion in rats with acute fistula were used in this experiment. As shown in Table 6 , tetragastrin (1 mg/kg) and bethanechol (0.5 mg/kg) significantly increased the ulcer index compared with that of controls. Histamine (10 mg/kg) also increased the ulcer index but there was no significant difference.
Effect of atropine methrlbroinide on ulceration
The cysteamine-induced duodenal ulcer was markedly inhibited by atropine methyl bromide in a dose-dependent manner and the ulceration was completely inhibited at a dose of 40 mg/kg (Table 7) .
DISCUSSION
A single administration of cysteamine to rats can produce severe ulcers, specifically in the duodenum in 18 hr. Selye and Szabo (6) described that subcutaneous administration of cysteamine was less consistently effective in producing duodenal ulcers and recommended the oral route. In our study, the subcutaneous route was adopted in order to exclude the possibility of direct action of the drug on the duodenal mucosa (though the possibility was denied by Selye and Szabo) and a relatively high and stable incidence of duodenal ulcers was obtained by this route. According to our data, the optimum conditions for production of duodenal ulcers by cysteamine in rats are as follows: 1) deprivation of food 24 hr prior to dosing, 2) 400 mg/kg, s.c. and 3) autopsy at 18 hr after the administration. There were statistical differences in the ulcer index between male and female rats and between rats of During this study, the reinvesti gation on cysteamine-induced duodenal ulcers was also reported by Robert et al. (9) . Using various drugs and pylorus ligation, they also suggested that the passage of gastric contents over the duodenum was necessary for the formation of the ulcers, but they concluded that gastric secretagogue action was not responsible for the development of ulcers since cysteamine was antisecretory in pylorus-ligated rats. We also found it impossible to ascertain the gastric secretagogue action of cysteamine in pylorus-ligated rats. According to our data, the acidity of gastric juice was increased in a dose-dependent manner though the volume was significantly decreased. However, it is well known that the pyloric ligation causes a gastric hypersecretion in conscious rats (10, 11) and the pylorus-ligated rat preparation originally described is unsuitable for the study of the effect of gastric secretagogues such as histamine (12) . Studies to ascertain gastric acid-stimulating action of cysteamine were also done using various methods in rats and dogs and the potent and the sustained gastric acid stimulating action of cystearnine was observed. These results will be published elsewhere in the near future.
Many studies have shown that in patients with duodenal ulcers there is characteris tically excessive amounts of gastric juice. Therefore, the production of experimental duodenal ulcers by means of hypersecretion of gastric juice appears quite feasible and the present method may be an excellent model for the study of the pathogenesis of duo denal ulcers in humans.
